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During recovery from general anesthesia, pediatric patients are more likely to have respiratory events such as laryngeal and bronchial spasms \[[@CR1], [@CR2]\] as well as hypoxemia due to their immature alveoli, increased dead space, and increased metabolic rate in comparison with adult patients. Furthermore, unpredicted delayed emergence from general anesthesia can occur in pediatric patients. Safe and faster emergence is crucial in pediatric general anesthesia. In pediatric ambulatory surgical suites, the goal should be faster extubation to facilitate rapid turnover in the operating room without compromising on safety and quality of anesthetic care.

Although many studies have focused on improving safety and pursuing a higher quality of recovery \[[@CR3]--[@CR5]\], factors related to quicker extubation remain unclear. Time from the end of surgery to tracheal extubation (extubation time) is one of the indices of the time from emergence from general anesthesia \[[@CR6]\]. We have previously reported on the possible association between extubation time and intraoperative hypercapnia in pediatric general anesthesia \[[@CR6]\]. However, the effects of other confounding variables, including vital signs and anesthesia management, were not included in previous analyses. Evidently, because anesthesia emergence is defined as total recovery of central nervous system function, no single factor would play a pivotal role in anesthesia recovery. Here, we analyzed data from an electronic anesthesia retrieval system to identify independent factors associated with tracheal extubation time in pediatric ambulatory patients.
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After obtaining approval from the institutional review board at Tohoku University Hospital, we conducted a retrospective cohort study. We used an electronic anesthesia database (PrimeGaia, Nihon Kohden Co, Tokyo, Japan) to identify all children aged 1--6 years who had undergone \<2 h of ambulatory surgery (minor urologic, skin, and eye surgeries) without postoperative radiographic confirmation and postoperative procedures at our hospital from January 2014 to April 2016. Exclusion criteria included American Society of Anesthesiologists physical status \>2 or having undergone mask ventilation without endotracheal intubation during surgery and having been extubated under general anesthesia.

Anesthesia management, including ventilator management, was performed under the direction of board-certified attending anesthesiologists assigned to the respective cases. Generally, anesthesia was maintained with propofol or sevoflurane. Blood pressure was measured at 2.5-min intervals. Heart rate, oxygen saturation, body temperature (oral temperature), and end-tidal carbon dioxide saturation were continuously measured and extracted. We obtained the following information from the electronic anesthesia database: age, height, weight, surgical time, time from the end of surgery to extubation (extubation time), and total amounts of fentanyl. We hypothesized that time to tracheal extubation could be associated with the time of anesthesia emergence because all patients underwent controlled ventilation and were extubated when they were awake. In addition, the completion of surgery and discontinuation of anesthetic administration were almost done at the same time.

Continuous data are expressed as mean ± standard deviation (SD). The mean of all end-tidal carbon dioxide values measured at 3-s intervals during general anesthesia (mETCO~2~) was calculated. We investigated clinical factors associated with the extubation time after the end of pediatric ambulatory surgery using multiple regression analysis. In our preliminary data, patients in the hypercapnia group (*n* = 125; mETCO~2~ ≥ 40 mmHg) were extubated significantly faster (9.8 ± 8.4 min) than those in the hypocapnia group (*n* = 125; mETCO~2~ \< 40 mmHg; 16.4 ± 8.0 min) \[[@CR6]\]. Based on an estimated 5-min difference in emergence time between the hypercapnia and hypocapnia groups, it was determined that a sample size of ≥41 patients would be required in each group to demonstrate a significant difference at the 0.05 level (power = 0.8; SD = 8 min). All statistical analyses were performed using R version 3.0.1 (R Foundation for Statistical Computing, Vienna, Austria), and *p* values \<0.05 were considered statistically significant.
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Our analysis included 148 patients; demographic and clinical data are shown in Table [1](#Tab1){ref-type="table"}. A multiple regression analysis was performed to adjust for age, anesthesia method, total amount of fentanyl, surgical time, mean body temperature (mBT), mean heart rate, mean blood pressure, and mETCO~2~ (Table [2](#Tab2){ref-type="table"}). Results revealed that mETCO~2~ (*p* \< 0.01) and mBT (*p* \< 0.01) were independent clinical factors associated with tracheal extubation time following pediatric ambulatory surgery.Table 1Patients' demographic and operative dataAge (years)2.9 ± 1.7Height (cm)92.2 ± 15.7Body weight (kg)14.0 ± 3.9Operation time (min)57.1 ± 26.7mBP (mmHg)61.9 ± 9.8mHR (bpm)101.5 ± 18.1mETCO~2~ (mmHg)43.6 ± 7.8mBT (°C)37.2 ± 0.7Fentanyl (mcg/kg)4.1 ± 3.7Anesthesia (sev/propo)111/37Data are expressed as mean ± standard deviation. *mBP* mean indirect blood pressure during surgery, *mHR* mean heart rate during surgery, *mETCO2* mean end-tidal carbon dioxide during surgery, *mBT* mean body temperature during surgery, *sev/propo* sevoflurane anesthesia/propofol anesthesia Table 2Results of multiple regression analysis for clinical factors related to time to tracheal extubationEstimateStd. error*t* valuePr(\>\|*t*\|)(Intercept)165.65137.9214.368\<0.000Age (years)0.2850.4190.6790.498Operation time (min)−0.0200.025−0.8280.409fentanyl (mcg/kg)0.1750.1731.0120.314mBT (°C)−3.4631.033−3.3510.001mHR (bpm)−0.0430.040−1.0820.281mBP (mmHg)−0.0360.060−0.6040.547mETCO~2~ (mmHg)−0.4200.092−4.583\<0.000Anesthesia (sev vs propo)1.7701.6451.0760.284Sev vs. propo, sevoflurane anesthesia vs. propofol anesthesia
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Our results suggest that delayed anesthesia emergence may be prevented by avoiding lower mBT and mETCO~2~ in pediatric patients. Importantly, the method of anesthetic management and total amounts of fentanyl are not factors associated with tracheal extubation time. Findings suggest that perioperative vital signs are very important in avoiding delayed emergence for pediatric patients.

Some previous studies \[[@CR7]--[@CR9]\] suggested that hypercapnia-induced hyperpnea shortens the emergence time from inhalation anesthetics. Hypercapnia dilates the cerebral arterial smooth muscle and increases blood flow. The increase in blood flow facilitates rapid elimination of inhaled anesthetics from the brain, and hyperventilation decreases the arterial concentration of the inhaled anesthetic \[[@CR10]\]. In addition, our previous research showed that intraoperative hypercapnia may facilitate faster tracheal extubation after ambulatory surgery in pediatric patients \[[@CR6]\]. Hypercapnia causes carbon dioxide diffusion into the cerebrospinal fluid from the cerebral vessels and liberates H^+^ ions that stimulate the central chemoreceptors lying below the ventral surface of the medulla. Consequently, hypercapnia might accelerate spontaneous breathing and emergence after surgery. Conversely, it has been suggested that perioperative hypocapnia is associated with the risk of delayed anesthesia emergence and poor cognitive function in adult patients \[[@CR11]\]. The findings of this study, which indicate that lower mETCO~2~ may increase emergence time in pediatric ambulatory surgery, are consistent with the results from these studies.

The detailed mechanisms of faster tracheal extubation associated with higher body temperature remain unknown, but it is possible that the effects of anesthetics are prolonged by decreased hepatic flow, hypometabolic state, and decreased renal blood flow and clearance in hypothermia. Previous studies \[[@CR12], [@CR13]\] have suggested that hypothermia leads to late emergence, and our finding that delayed emergence is associated with lower body temperature is consistent with these previous reports.

Previous review article \[[@CR14]\] suggested that several risk factors, including hyperventilation and hypothermia, delay anesthesia emergence. However, the most important risk factors in pediatric patients remained unknown. Therefore, the findings of our study, using clinical data that lower mBT and mETCO~2~, among several clinical factors, that were associated with delayed anesthesia emergence in pediatric ambulatory surgery has important significance.

This study has several limitations. First, the study was retrospective and original measures were not primarily designed to discern independent factors associated with extubation time following pediatric surgery. Although we used multiple regression analysis to identify several confounding factors, not all relevant factors were extracted. In addition, the method of anesthesia and administration of drugs (e.g., analgesic agents and muscle relaxants) differed across attending anesthesiologists. However, the criteria for extubation (namely, that patients have regular spontaneous breathing and are awake and responsive with stable vital signs) were almost uniform in our hospital. Second, this study had a small sample size, although 148 subjects was sufficient based on our power analysis. Third, the safety of perioperative hypercapnia in children is unclear; however, no remarkable complications arose in our study. Fourth, we needed to include several different types of ambulatory surgery to increase the sample size.

To conclude, this study of 148 pediatric patients demonstrated that anesthesia emergence may be associated with mBT and mETCO~2~ following pediatric ambulatory surgery. We emphasize a close relationship between perioperative vital signs and anesthesia emergence in pediatric ambulatory surgery. Anesthesiologists should carefully monitor patients to avoid perioperative lower mBT and mETCO~2~ to prevent delayed emergence in pediatric patients.
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